Pyrolisis-GC-MS   monitoring of the formation and degradation of melanoidins analogous  to humic substances  from progressively heated plant biomass by González-Vila, Francisco Javier et al.
PYROLYSIS-GC-MS   MONITORING   OF   THE   FORMATION 
AND   DEGRADATION   OF   MELANOIDINS   ANALOGOUS  
TO   HUMIC   SUBSTANCES   FROM   PROGRESSIVELY 
HEATED   PLANT   BIOMASS  
 
F.J. González-Vila*, P. Tinoco**, G. Almendros** and F. Martín* 
 
* Instituto de Recursos Naturales y Agrobiología, CSIC, P.O. Box 1052, 41080-Sevilla,Spain 
 ** Centro de Ciencias Medioambientales,CSIC, Serrano 115B, 28006-Madrid, Spain 
 
 
The melanoidin formation processes are frequently studied in connection to the origin of 
humic-like macromolecules from abiotic reactions in lignin-lacking sedimentary media 
affected by external or geothermal heat sources. In environmental conditions, forest fires and 
burnings of plant biomass promote a series of poorly-known endo- and exothermic reactions 
both degradative and synthetic, leading to heterogeneous humic-like material. The selective 
concentration of aromatic structures is one of the most frequently described thermal effects 
and contributes to the accumulation of condensed material more recalcitrant and less reactive 
than the original humic substances. Nevertheless, under natural conditions, the research at a 
molecular level of these processes is a complicated task; there is a balance between 
degradation and generation of organic substances, and the composition of the final humus 
fractions depend partly on the inputs from charred plant biomass.  
The structural changes undergone by plant biomass subjected to progressive 
isothermal heating were previously studied by using solid-state 13C and 15N NMR 
spectrometry (1). In the present study these transformations have been analysed by pyrolysis-
GC-MS. The samples studied correspond to freeze-dried rye grass (Lolium rigidum) heated at 
350 ºC under oxidising conditions during progressive heating times (30, 45, 60, 75 and 90 
seconds). 
 The Curie point pyrograms at 510 ºC suggest two well-defined stages during the 
progressive burning: the molecular assemblages released from the samples heated up to 60 s 
resembled to those from the original biomass although peaks directly arising from 
polysaccharides and proteins decrease progressively. Four phytadienes isomers are among the 
most abundant pyrolysis products. This pattern change drastically after heating for 75 s, when 
the pyrograms become dominated by aromatic compounds, free fatty acids, and small but 
significant amounts of esters and sterols.  
 
 Fig. 1. Pyrolysis of Lolium rigidum leaves progressively heated at 350 oC. Relative 
concentration of the different groups of pyrolysis compounds. 
 
The results suggest i) rapid destruction of the tetrapyrrole moiety of chlorophyll 
(generation of pyrroles and pyrrolines) and comparatively higher resistance of the phytol 
backbone (dehydration and reduction leading to phytadienes), ii) accumulation of recalcitrant, 
newly-formed N compounds (release of imidazoles) in charred samples (stage 45 s), iii) 
relative resistance of lignin backbone (progressive demethoxylation) and its transformation 
into a polyphenol macromolecule (decrease of the methoxyphenol/phenol ratio) and iv) 
selective accumulation of recalcitrant alkyl material destroyed only by severe heating (after 
stage 90 s) the thermal stability of which follows the order phytadienes < fatty acids < 
alkanes < wax esters < sterols. 
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